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DVVXPH WKDWVXFKDFRQWUROV\VWHPFDQEHGHVLJQHGDQG LW LVHIIHFWLYHRQDUWLILFLDOQHXUDOQHWZRUNVDVDQHXUDO
QHWZRUN IRFXVHG RQ WKH SURFHVVLQJ RI ODUJH DPRXQWV RI LQIRUPDWLRQ LQFOXGLQJ VHPLVWUXFWXUHG FDSDEOH RI
OHDUQLQJDQGDGDSWLQJ>@7KHUHDUHGHYHORSPHQWVRQDSSOLFDWLRQIRUQHXURUHJXODWRUVPHWDOOXUJ\>@HOHFWULFDO
SRZHUHQJLQHHULQJ>@PDFKLQHHQJLQHHULQJ>@+RZHYHUWRGD\WKHUHDUHPDQ\XQUHVROYHGLVVXHVIRUWKHXVH
RIDUWLILFLDOQHXUDOQHWZRUNV>@
7KLVDUWLFOHSUHVHQWVWKHUHVXOWVRIWKHGHYHORSPHQWDGDSWLYHRSWLPDOFRQWUROV\VWHPRIWHFKQRORJLFDOSURFHVVRI
LURQ RUH JULQGLQJ LQ D URGPLOO EXLOW RQ WKH QHXUDO QHWZRUN 7KH GHYHORSPHQW RI DXWRPDWLF FRQWURO V\VWHP DQG
DQDO\VLVRIWKHHIIHFWLYHQHVVRIV\VWHPSURGXFHGIRUSURFHVVHVRIFUXVKLQJLURQRUHLQURGPLOOVLQWKHODUJHVWSODQWV
RIWKH.D]DNKVWDQ6RNRORY6DUEDLRUHGUHVVLQJSURGXFWLRQDVVRFLDWLRQ66*32DQG2UNHQ$SSOLFDWLRQRI
WKHUHVXOWVRIWKLVSDSHUZLOOHQDEOHHQWHUSULVHVWRUHGXFHWKHFRVWRILQGXVWULDOSURGXFWSDUWLDOO\VROYHWKHSUREOHPV
RIRSWLPL]DWLRQRIWHFKQRORJLFDOSURFHVVHV
7KHZRUNZDVSHUIRUPHGDVSDUWRIWKH5HSXEOLFRI.D]DNKVWDQVWDWHJUDQW5.RQ'HYHORSLQJVHOI
OHDUQLQJDGDSWLYHDXWRPDWLFFRQWUROV\VWHPRIPLQLQJDQGSURFHVVLQJHTXLSPHQWWRRSWLPL]HSURGXFWLRQSURFHVVHVLQ
WKHFRQGLWLRQVRILQVWDELOLW\RILQSXWSDUDPHWHUV
0HWKRGV
)RUQRZDGD\VPDQXIDFWXUHKDVDFFXPXODWHGWLPHIRUWKHSURGXFWLRQRIODUJHDPRXQWRIGDWDLQSXWRXWSXW
ZLWK WKH FRQWURO DSSDUDWXV RI WKH SURFHVV HTXLSPHQW )RU H[DPSOH WKH IDFWRU\ RI ZHW PDJQHWLF VHSDUDWLRQ
66*32WKHVHGDWDLVSUHVHQWHGLQWKHIRUPRISURWRFROVRIWKHV\VWHP&RQWURQLF>@*DWKHULQJLQIRUPDWLRQ
RQ WKH YROXPH RI LQFRPLQJ RUH LPSOHPHQWHG E\ DXWRPDWHG RSHUDWLRQDO GLVSDWFK PDQDJHPHQW V\VWHP
$2'06XVHGLQ66*32,QIRUPDWLRQRQWKHSURFHVVRIJULQGLQJLQDURGPLOOZDVREWDLQHGDFFRUGLQJWR
WKH SURWRFROV RI WKH V\VWHP &RQWURQLF0HDVXULQJ LQVWUXPHQWV ZHUH ZHLJKLQJ E\ FRQYH\RU 9(5 ZDWHU
PHWHU3520$*
,QZRUNWKHGDWDSURWRFROVZHFRQYHUWHGWRVSHFLILFHQHUJ\FRQVXPSWLRQDQGVSHFLILFSHUIRUPDQFH)LJ


)LJ7KHRSWLPDOUDWLRRIRUHZDWHUIRUGLIIHUHQWRUHGHSRVLWVSURSRUWLRQV
)RULQIRUPDWLRQSURFHVVLQJSDFNDJHZDVXVHG0$7/$%YHUDQGWRROER[6LPXOLQN$FRPSDUDWLYHDQDO\VLV
RI WKH H[LVWLQJ DXWRPDWHG FRQWURO V\VWHP DQG WKH SURSRVHG DGDSWLYH V\VWHP LPSOHPHQWHG WKURXJK FRPSXWHU
VLPXODWLRQZLWKWKHVDPHLQSXWDQGHYDOXDWLRQRIWKHHIIHFWVRIWZRPRGHOVRIVWXGLHGV\VWHPV
 
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/LWHUDWXUH5HYLHZ
,VVXHVGHGLFDWHGWRWKHRSWLPL]DWLRQRIPLQLQJSURFHVVLQJSODQWVDUHUHIOHFWHGLQWKHZRUNVRI0-DODO64XLQQ
&:RQJDQG0F*UHHYH\5,]HUPDQ9$%HVHNHUVNL\(33RSRY996RORGRYQLNRYDQGRWKHUV
,QPRGHUQREMHFWLYHVRIDXWRPDWLRQSURFHVVLQWKHFDVHRIFRQVWUXFWLRQFRPSOH[FRQWUROV\VWHPVRQWHFKQRORJLFDO
FRQWUROOLQJREMHFWDIIHFWHGE\PDQ\IDFWRUV2WKHUIDFWRUVZKLFKDUHQRWWDNHQLQWRDFFRXQWDQGWKHUHIRUHFUHDWHGD
VLWXDWLRQRIXQFHUWDLQW\DSULRULDWWULEXWHGWRWKHFDXVHVRIHUURUVUHJXODWLRQDVUDQGRPDQGGHWHUPLQLVWLFV\VWHPDWLF
)RUDQDQDO\WLFDOGHVFULSWLRQRIFRPSOH[QRQOLQHDUG\QDPLFDOFRQWUROOLQJREMHFWPRVWDXWKRUVFRQVLGHUWKHXVHRI
WKHPRVWFRPPRQHTXDWLRQVRIVWDWHDSSDUDWXVZKLFKDUHXQLTXHULJRURXVDQGYDOLG>@
7R ILQH DGMXVWPHQW RI WKH REMHFW WR WKH RSWLPXP IXQFWLRQLQJ ZH SURSRVH WKH XVH RI D QHXUDO QHWZRUN ,W LV
SURSRVHG WR LPSURYH WKH H[LVWLQJ DXWRPDWLF FRQWURO V\VWHP WKURXJK WKH LQWURGXFWLRQ RI DGGRQV LQ WKH IRUP RI D
QHXUDOQHWZRUN7KHSURSRVHGDSSURDFKRQWKHRQHKDQGDOORZVILQHDGMXVWPHQWSURFHVVWKDWFDQSURYLGHVLJQLILFDQW
HFRQRPLFHIIHFW2QWKHRWKHUKDQGDOLPLWDWLRQRQWKHYDOXHRIWKHMREFRUUHFWLYHDFWLRQVQHXUDOQHWZRUNHYHQLQ
YLRODWLRQRILWVZRUNZLOOQRWOHDGWRVLJQLILFDQWORVVHVVLQFHWKHPDLQFRQWUROV\VWHPZLOOFRQWLQXHWRIXQFWLRQ
5HVXOWV
,Q WKLVDUWLFOH WKH IROORZLQJ WDVNVDUH WRGHYHORSDPRGHORIDGDSWLYHFRQWURO V\VWHPEDVHGRQQHWZRUNIRU WKH
JULQGLQJSURFHVVDQG WRGHYHORS WKHDQDO\VLVRI WKHHIIHFWLYHQHVVRI LWVDSSOLFDWLRQDVFRPSDUHGZLWK WKHH[LVWLQJ
VFKHPHRIFRQWURO

3ULPDULO\ DPRGHORI WKHREMHFWRI VWXG\  WKHJULQGLQJSURFHVVRI LURQRUH7KHDQDO\VLVRI WKLVPRGHO LQ WKH
SDUDPHWHURIDFFXUDF\VKRZHGWKDWWKHPD[LPXPDEVROXWHGHYLDWLRQRIWKHVLPXODWHGSRZHUFRQVXPSWLRQRIWKHUHDO
YDOXHVLV0:RU'33UDWLQJ 0:0: 
6HFRQGO\ZHSURSRVHG WKDW WKHV\VWHPVKRXOGEHDFRPELQDWLRQRIVHOIOHDUQLQJV\VWHPVDQGZLWK WKHVHDUFK
7KHUHIRUHLWV\VWHPQHFHVVDU\WRKDYH

x 6HDUFKEORFNIRUDGDSWLQJDQGILQGLQJWKHRSWLPDOYDOXHZKHQWKHH[WHUQDOLQIOXHQFHVRQWKHFRQWUROREMHFW
DQGWKHV\VWHPLWVHOI
x 0HPRU\EORFNIRUVWRULQJWKHSUHYLRXVH[SHULHQFHRIRSWLPL]DWLRQDQGRSWLPDOVHWWLQJVDYDLODEOH
x $FRPSDULVRQEORFNIRUWUDLQLQJV\VWHP6\VWHPFDQEHUHSUHVHQWHGE\WKHGLDJUDPLQ)LJ

)LJ6WUXFWXUHRI$&6ZLWKVHOIDGMXVWPHQWDQGOHDUQLQJ9±LQSXWSDUDPHWHUVYROXPHRIRUHGHSRVLWVɆ±RSWLPL]DWLRQSDUDPHWHUV±
PDQDJHPHQWSDUDPHWHUSURSRUWLRQ©RUHZDWHUª
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)RU XVH LQ WKHPHPRU\ EORFN LQYHVWLJDWHG WKH SRVVLELOLW\ RI XVLQJ ERWK FODVVLFDO DSSURDFKHV SRO\QRPLDO DQG
VSOLQH LQWHUSRODWLRQ DQG WKURXJK WKH DSSOLFDWLRQ RI QHXUDO QHWZRUNV 1HWZRUN RI UDGLDO EDVLV IXQFWLRQ 5%)1
VKRZHG WKH EHVW DFFXUDF\ DQG D VXIILFLHQWO\ KLJK FRPSDUHGZLWK RWKHU W\SHV RI QHXUDO QHWZRUNV DQG DOJRULWKPV
DSSUR[LPDWLRQFKDQJHRYHUWLPHV7KLVDOVRMXVWLILHGWKHGHFLVLRQRQLWVDSSOLFDWLRQLQWKHPHPRU\
)RU WHFKQLFDO V\VWHPV RI FRPPHUFLDO XVH WKH EDVLF LQGLFDWRU RI LPSOHPHQWDWLRQ HIIHFWLYHQHVV RI D SDUWLFXODU
DXWRPDWLRQVFKHPHLVUHGXFWLRQRISURGXFWLRQFRVW7KHLQWURGXFWLRQRIDGDSWLYHDXWRPDWLFFRQWUROV\VWHPJULQGLQJ
SURFHVVDOVRDLPVWRUHGXFHSURGXFWLRQFRVWV7KHPDLQSDUDPHWHUWKDWDIIHFWVWKHFRVWSRZHUFRQVXPSWLRQZLOOEH
WKHPLOO$OVRWKLVSDUDPHWHULVLPSRUWDQWWRFKDQJHWKHSHUIRUPDQFHRIWKHPLOOFRRNLQJFODVVHV
$QDO\VLVSHUIRUPHGE\FRPSDULQJ WKHSURFHVVPRGHOVEHIRUHDQGDIWHU LPSOHPHQWDWLRQRI WKHV\VWHP)LJXUH
DQG)LJXUH2QWKHJUDSKRIDFRQWLQXRXVOLQHVKRZVWKHSRZHUFRQVXPSWLRQ3DQGSHUIRUPDQFHRIWKHPLOO4
DWWKHDXWRPDWHGPDQDJHPHQWDQGGDVKHGLQDGDSWLYHDXWRPDWLF7KHVWHSSHGQDWXUHRIWKHVFKHGXOHVGXHWRWKH
XVHRIWKHPHFKDQLVPRISURPRWLRQRIPRGHOWLPH'W3HUIRUPDQFHRIWKHPLOORQWKHUHDG\PDGHFODVVHV4DOVR
WHQGVWRLQFUHDVHZKLFKFKDUDFWHUL]HVWKHLPSURYHPHQWRIWKHTXDOLW\FRQWUROSURFHVV


)LJ*UDSKLFRIHQHUJ\FRQVXPSWLRQ )LJ*UDSKLFRISURGXFWLYLW\
&RQFOXVLRQ
7KH DUWLFOH SUHVHQWV WKH UHVXOWV RI D VWXG\ RQ WKH GHYHORSPHQW RI DGDSWLYH DXWRPDWLF FRQWURO V\VWHP RI
WHFKQRORJLFDOSURFHVVHVRIPLQLQJSURFHVVLQJFRPSOH[)RULWVWKHPRGHORIWKHJULQGLQJSURFHVVZDVGHYHORSHGDQG
SURYHLWVDGHTXDF\UHDOV\VWHP7KHHUURUPRGHOZDV
7RFRQVWUXFWDGDSWLYHV\VWHPSURSRVHGVWUXFWXUHRIWKHV\VWHP7RLPSOHPHQWLWLQWKHPHPRU\XQLWLQYHVWLJDWHG
WKH DSSOLFDELOLW\ RI ERWK FODVVLFDO DSSUR[LPDWLRQ PHWKRGV RI PXOWLGLPHQVLRQDO GHSHQGHQFLHV VXFK DV WKH
DSSUR[LPDWLRQRIDSRO\QRPLDODQGVSOLQHDSSUR[LPDWLRQDQGQHXUDOQHWZRUNPHWKRGVQHWZRUNVEDFNSURSDJDWLRQ
FRXQWHU SURSDJDWLRQ QHWZRUNV DQG UDGLDO EDVLV IXQFWLRQV /DVW QHWZRUN VKRZHG WKH EHVW UHVXOWV DQG WKDWZDV WKH
UHDVRQIRULWVXVHLQWKHLPSOHPHQWDWLRQRISURJUDPPDQDJHPHQWV\VWHPPRGHO
$QDO\VLVRIWKHHIIHFWLYHQHVVRIGHYHORSHGV\VWHPRIWKHGDWDSURGXFHGLQWKHPRGHOH[SHULPHQW7KHUHVXOWLQJ
UHGXFWLRQLQSRZHUFRQVXPSWLRQPLOOV
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í
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
>@ )HGRVRY%7(TXDWLRQVRIVWDWHRIG\QDPLFREMHFWVZLWKGHOD\$YDLODEOHKWWSPRGHOH[SRQHQWDUXEWEWBBVWBVSBH[WBREMKWP

